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ABSTRACT 



The present invention is a magnetic disk drive head suspen- 
sion of the type having a load beam and a flexure, including 
an alignment measurement pattern on either the load beam 
or the flexure. The flexure is mounted to a distal end of the 
load beam, and the alignment measurement pattern is used 
to evaluate and quantify the position of the flexure relative 
to the load beam. The alignment measurement pattern 
includes a plurality of openings adjacent a tooling reference 
hole that are sized and positioned to expose the outer 
perimeter of a corresponding tooling reference hole. In this 
manner, the alignment measurement pattern provides an 
accurate assessment of the alignment between the load beam 
and the flexure by indicating the offset of the flexure tooling 
hole relative to the load beam tooling hole. 

15 Claims, 9 Drawing Sheets 
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FIGURE 1 
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FIGURE 2 
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FIGURE 3 
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HEAD SUSPENSION WITH ALIGNMENT important that the head slider be properly positioned over 

MEASUREMENT PATTERN the disk at the desired fly height. The position of the head 

suspension and head slider, also known as the static attitude, 
TECHNICAL FIELD is calibrated so that when the disk drive is in operation the 

tv * • x- „t ♦ * a. c * 5 nea d slider assumes an optimal orientation at the fly height. 

The present invention relates to the manner of construct- T * •„ *u f • _* * ,u * *u * *• j i_ j 

,j . r . A , . It is therefore important that the static attitude of the head 

ing a head suspension for use m dynamic storage devices or ^ bc £ j established. Toward this end, the 

ngid disk drives. More particularly, the present invention flexun , mus , ^jJiJid to the load beam so that misalign- 

provides features to a bad beam and a flexure of a head ments between me flexlJre Md me load beam ^ mimmi2ed 

suspension so as to facilitate efficient and accurate alignment since misalignments between the load beam and flexure may 

and construction of the flexure relative to the load beam. 10 introduce a bias in the static attitude of the head suspension 

BACKGROUND OF THE INVENTION * nd he , ad fder. Misalignments in the head suspension 

components also affect the alignment of the load point 

In a dynamic rigid disk storage device, a rotating disk is dimple in relation to the head slider when the head slider is 

typically employed to store information. Rigid disk storage mounted to the head suspension. Misalignments between the 

devices typically include a frame to provide attachment 15 load point dimple and the head slider may cause a static 

points and orientation for other components, and a spindle attitude torque to be exerted on the head slider, and thus 

motor mounted to the frame for rotating the disk. A read/ ^ ect tne orientation of the head slider at the fly height, 

write head is usually provided as part of a "head slider" to To assist in the proper alignment of the flexure to the load 

be positioned in close proximity to the rotating disk and to beam tne P ro P er alignment of the head slider to the head 

enable the writing and reading of data to and from the disk 20 sus P e nsion, the load beam and the flexure of a head sus- 

surface. In the case of a magnetic storage device, a magnetic Pension each typically include a circular tooling hole having 

read/write head is employed to create and read magnetic a Predetermined diameter. TTiese tooling holes facilitate 

domains to and from the disk surface. alignment of the flexure on the load beam through the 

™. . , , . , J , . « . insertion or a tooling pin in both of these holes prior to 

Hie head slider is supported and properly oriented m ^ mount ing the flexure to the load beam, thus concentrically 

relationship to the disk by a head suspension that provides aligning the tooling holes. The flexure can then be spot 

forces and compliances necessary for proper head slider wc ided or otherwise attached to the load beam, and the 

operation. As the disk in the storage device rotates beneath resultant head suspension will be aligned based on the 

the head slider and head suspension, the air above the disk accuracy of the positioning and sizing of both tooling holes, 

also rotates, thus creating an air bearing which acts with an 3Q Thus, to obtain accurate alignment, strict tolerances for the 

aerodynamic design of the head slider to create a lift force tooling holes must be maintained. 

on the head slider. The lift force is counteracted by a spring Th c tooling holes in the flexure and the load beam are also 

force of the head suspension, thus positioning the head slider use d to facilitate the mounting of the head slider to the head 

at a desired height and alignment above the disk which is suspension. A tooling pin is inserted in the flexure and load 

referred to as the "fly height." 35 bcam holes latcr in ^ assembly process to hold the hcad 

Typical head suspensions for rigid disk drives include a suspension in place during the head slider mounting proce- 

load beam and a flexure. The load beam normally includes dure. The location of the load point dimple on the head 

a mounting region at a proximal end of the load beam for suspension is determined, and the slider is aligned and 

mounting the head suspension to an actuator of the disk mounted to the head suspension at a desired location. Thus, 

drive, a rigid region, and a spring region between the 40 to obtain accurate alignment of the head slider, it is impor- 

mounting region and the rigid region for providing a spring tant that the flexure be accurately aligned and mounted to the 

force to counteract the aerodynamic lift force generated on load beam of the head suspension so that the load point 

the head slider during the drive operation as described dimple is correctly oriented on the head suspension, 

above. The flexure typically includes a gimbal region having The mounting of an individual flexure on an individual 

a slider mounting surface where the head slider is mounted 45 l oa d beam using an alignment pin is very time intensive, 

and thereby supported in read/write orientation with respect Thus, carrier strip assemblies have recently been employed 

to the rotating disk. The gimbal region is resiliently move- to more efficiently manufacture head suspensions. In a 

able with respect to the remainder of the flexure in response carrier strip manufacturing process, multiple flexures are 

to the aerodynamic forces generated by the air bearing and formed while attached to a first carrier strip assembly, and 

to permit the head slider to follow disk surface fluctuations. 50 multiple load beams are similarly formed while attached to 

In one type of head suspension the flexure is formed as a a second carrier strip assembly. Reference holes in the 

separate piece having a load beam mounting region which is carrier strip assemblies are then used to align the plurality of 

rigidly mounted to the distal end of the load beam using individual load beams over a corresponding number of 

conventional means such as spot welds. Such head suspen- flexures, and the flexures are conventionally mounted on the 

sions typically include a load point dimple formed in either 55 load beams. In this manner, head suspensions can be more 



the load beam or the gimbal region of the flexure. The loach 
point dimple transfers a predetermined load generated by the 
spring region of the load beam to the flexure and the head 
slider to counteract the aerodynamic force generated by the 
action of the air bearing against the head slider and to define 
the desired fly height. Such a load point dimple also provides 
clearance between the flexure and the load beam, and serves 
as a point about which the head slider can gimbal in pitch 



efficiently manufactured. Because a pin is not used to align 
the tooling holes in the individual flexures and load beams, 
however, it sometimes occurs that even with the individual 
flexures and the individual load beams aligned by this 
method, the flexure tooling hole and the load beam tooling 
hole might slightiy overlap. Any overlap in the tooling holes, 
however, will create an undersized hole that may prevent a 
tooling pin from later being inserted through the holes, for 



# i » r t> r — * w« «*w uwiw, iui 

and roll directions so as to follow fluctuations in the disk \ example, during the mounting of the head slider to the head 

surface. ^ 5 suspension. 

Due to the close proximity of the head slider and the It is important to be able to accurately and efficiently 

rotating disk at the fly height of the head slider, it is determine any misalignments between the flexure and the 
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Load beam of a head suspension. A determination of the BRIEF DESCRIPTION OF THE DRAWINGS 
misalignment will indicate whether the head suspension is 

within predetermined manufacturing tolerances. In addition, FIG 1 1S M vicw of a hcad suspension in 

a determination of the misalignments allows for such mis- combination with a head slider, the head suspension having 

alignments to be compensated for during the mounting of 5 an measurement pattern in accordance with the 

the head slider to the head suspension. P"** 111 nation. 

„ m FIG. 2 is an exploded isometric view of the head suspen- 

SUMMARY OF THE INVENTION sioQ md head ^ combination shown m pIG. 1. 

The present invention overcomes the deficiencies and piG. 3 is an enlarged fragmentary view of the load beam 

shortcomings of the prior art by providing an improved head 10 flexure of a head suspension shown in FIG. 2. 

suspension for use in a rigid disk drive and for supporting a t-t^ a • • i_ ■ ^ r i ^ 

. j j t « . , FIG. 4 is an isometric view showing a portion of a load 

head slider over a disk surface wherein an efficient evalua- , _ . , i j e a 

■j 4 .„ - . . , , beam earner stnp assembly and a portion of a flexure carrier 

Uon and quantification of the alignment between head sus- . i *u * u j • * *i_ 

^ , z _ . stnp assembly that can be combined m accordance with the 

pension components can be made. The present invention t . f . 

. -I.! • i*>i > present invention. 

also provides a head suspension wherein head suspension 15 __ _ _ . - r , 

apertures can be engaged by a tooling pin even in the FIG 5 15 a fragmentary top plan view of a head suspen- 

presence of small misalignments in the head suspension slOQ load beam and flexure havm S m alignment measure- 

components. ment P attem - 

A head suspension in accordance with the present inven- FIG * 6 ^ a vector diagram showing the total misalignment 

lion comprises a load beam and a flexure. The load beam of 20 vector measured by the alignment measurement pattern, 

the head suspension has an actuator mounting region, a FIG. 7 is a fragmentary isometric exploded view of a 

loading region at a distal end of the load beam, a spring second embodiment of a head suspension load beam and a 

region positioned distally from the actuator mounting flexure having an alignment measurement pattern also in 

region, and a rigid region between the spring region and the accordance with the present invention, 

loading region. The flexure is mounted at the distal end of 25 FIG. 8 is a fragmentary top plan view of the head 

the load beam, and the flexure comprises a gimbal region suspension load beam and flexure of FIG. 7. 

having a slider mounting surface and a load beam mounting FIG 9 ^ a fragmentary top plan ^ of a third embodi . 

region that ^overlaps and is attached to a portion of the rigid ment of a head suspension load beam md flexure navin ^ 

region of the load beam. A toad point dimple can be formed & gnmeni measurement pattern also in accordance with the 

to extend between the loading region of the load beam and 30 present invention, 
the gimbal region of the flexure, the load point dimple 

extending from a surface of one of the loading region of the DETAILED DESCRIPTION OF THE 

load beam and the gimbal region of the flexure. The load INVENTION 
beam further includes a load beam aperture that extends 

between a first and a second surface of the load beam, and 35 Referring now to the drawings, FIGS. 1-3 generally 

the flexure includes a flexure aperture extending between a illustrate a head suspension 10 for supporting a head slider 

first and a second surface of the flexure. A plurality of 14 within a dynamic disk drive (not shown), wherein the 

openings are positioned adjacent one of the load beam bea d suspension 10 contains an alignment measurement 

aperture and the flexure aperture, and the openings are sized pattern 48 in accordance with the present invention. Head 

and positioned to expose portions of a perimeter edge of the 40 suspension 10 includes a longitudinal axis x and a transverse 

other one of the load beam aperture and the flexure aperture. ^ v mat is orthogonal to the longitudinal axis. Head 

In one embodiment, the plurality of openings comprise suspension 10 is generally comprised of a load beam 20 and 

first and second notches formed in a surface of the rigid a flexure 30 at a end of load beam 20 - beam 20 

region of the load beam and extending radially from a * comprised of mounting region 22 at a proximal end of 

perimeter edge of the load beam aperture. The first notch is 45 load beam 20 > a ^d re gion 26, and a spring region 24 

positioned on the perimeter edge to extend substantially between mounting region 22 and rigid region 26. A base 

along a longitudinal axis of the head suspension, and the P late 12 ^ attac b^ d to load beam 20 at mounting region 22 

second notch is positioned on the perimeter edge to extend usin S conventional mea ns such as spot welds. Aswage boss 

substantially along a transverse axis of the suspension. In 13 extend s from base plate 12 for mounting head suspension 

another embodiment, the plurality of openings comprise so ^ to a rotary actuator (not shown) ofthe rigid disk drive. In 

first, second, and third notches formed in the surface of the ^ manner > head suspension 10 can be positioned over an 

rigid region of the load beam and extending radially from a associated disk to read data from or write data to the disk 

perimeter edge of the load beam aperture. The first, second, durin 6 ^ operation of the disk drive, 

and third notches are positioned about the perimeter edge of Spring region 24 of load beam 20 typically includes a 

the load beam aperture in a known relationship relative to 55 bend or radius to provide a spring force used to counteract 

the longitudinal and the transverse axes of the head suspen- the aerodynamic lift force that is generated during use of the 

sion. In yet another embodiment, the plurality of openings disk drive, both the spring force and the lift force acting on 

comprise four arcuate windows formed in the load beam a head slider 14 attached to flexure 30 to define the fly height 

rigid region, each arcuate window being spaced apart from of the head slider 14 (as described in the Background 

the perimeter edge of the load beam aperture. The windows eo section). The spring force is transferred to a load region 27 

are positioned along a substantially circular path that is at the distal end of load beam 20 via rigid region 26 of load 

concentric with the load beam aperture, and each of the beam 20, and is transmitted to flexure 30 by a load point 

windows is positioned about the path in a known relation- dimple 28 formed in load region 27 that contacts flexure 30. 

ship to the longitudinal and transverse axes of the head Rigid region 26 typically includes stiffening rails 29 to 

suspension. As an alternative to each of the above -noted 65 enhance the load transition ability of rigid region 26. 

embodiments, the openings can instead be provided about Flexure 30 includes a gimbal region 32 having a cantile- 

the aperture of the flexure. ver beam, or tongue, 34, which includes a slider mounting 
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surface 35 to which head slider 14 is mounted using con- carrier strip assembly 42 are engaged by separate pins on an 

ventional means such as adhesive. A free end 33 of tongue alignment tool (not shown) which position the individual 

34 is vertically moveable in response to pitch and roll load beams 20 attached to load beam carrier strip assembly 

movements of head slider 14. Flexure 30 further includes 42 over a corresponding flexure 30 attached to flexure 

arms 31 which extend longitudinally from a cross piece 37 5 carrier strip assembly 40 at a desired alignment. The flexures 

on a distal end of flexure 30. Offset bends 38 are also 30 are then mounted to the load beams 20 using conven- 

illustrated in cross piece 37 to provide a planar slider tional methods, such as spot welding, 

mounting surface 35 for slider 14 that is offset from arms 31 Slight variations and manufacturing tolerances in the 

so as to provide additional clearance for slider pitch and roll flexure and load beam carrier strip assemblies 40 and 42, 

movements. Flexure 30 also includes a load beam mounting 1Q respectively, and in the individual flexures 30 and load 

region 36 at the proximal end of flexure 30, and the load beams 20 are typically present in the assembly of head 

beam mounting region 36 overlaps and is secured to a suspension 10. These variations and manufacturing toler- 

portion of rigid region 26 of load beam 20 by spot welding ances can cause misalignments between the load beam 

or other conventional means. aperture 50 and flexure aperture 60, and thus load beam 20 

Load point dimple 28 can be formed in the load region 27 15 and flexure 30, regardless of which method is used to mount 

of load beam 20 to contact tongue 34 of flexure 30, and in flexure 30 to load beam 20. Furthermore, with conventional 

this manner transmit the spring force of the spring region 24 equal-diameter apertures, such misalignments cause load 

to the head slider 14 to counteract the aerodynamic lift force beam aperture 50 and flexure aperture 60 to overlap each 

created by an air bearing generated by the rotating disk. The other, and any overlap between the apertures may prevent 

load point dimple 28 can alternatively be formed in tongue 2 o iater insertion of a pin in the apertures for the mounting 

34 to contact load region 27 of load beam 20. Head slider 14 of head slider 14 to head suspension 10. Thus, it is important 

is thereby positioned at the "fly height" over the rotating disk to evaluate and quantify any misalignments between flexure 

as is generally known. Load point dimple 28 also provides 30 and load beam 20 to determine if the load beam/flexure 

a displacement between load region 27 of load beam 20 and structure meets the manufacturing tolerances for head sus- 

tongue 34 of flexure 30 and acts as a pivot point about which 25 pensions. Moreover, it is important to evaluate misalign- 

head slider 14 can gimbal in response to pitch and roll ments so that they can be compensated for later in the 

variations in the aerodynamic forces acting upon head slider assembly process during the mounting of the head slider to 

14. Et is important that the slider be properly positioned over the head suspension. 

the rotating disk at the slider fly height due to the close Toward this end, FIGS. 1-5 show a first embodiment of 

proximity of the head slider 14 to the rotating disk. Because 30 an alignment measurement pattern 48 that is formed in the 

the load point dimple 28 transmits the spring force that load beam 20 of he ad suspension 10 to provide an indication 

counteracts the aerodynamic lift force, and further because 0 f the alignment of the flexure 30 relative to the load beam 

it provides a gimbal point for slider 14, it is important that 20. In the embodiment shown, alignment measurement 

flexure 30 and slider 14 be accurately mounted to load beam pattern 48 is formed in the rigid region 26 of load beam 20. 

20 to ensure the proper positioning of head slider 14 and the 35 An alignment measurement pattern can alternatively be 

proper functioning of head suspension 10. formed in the flexure 30 to provide such an alignment 

As is generally seen in FIGS. 1-3, flexure 30 and load indication, and the following discussion applies equally to 

beam 20 each contain an aperture which are aligned during such an alignment measurement pattern. Alignment mea- 

the mounting of the flexure 30 to the load beam 20. surement pattern 48 is comprised of a plurality of openings 

Specifically, load beam 20 includes a load beam aperture 50 40 (such as notches 51a, 516, and 51c of FIGS. 1-5) that extend 

and flexure 30 includes a flexure aperture 60, which are between a first and second surface of the load beam rigid 

designed to be as closely aligned and concentric with each region 26. The openings of alignment measurement partem 

other as possible when flexure 30 is mounted to load beam 48 are positioned adjacent the load beam aperture 50. 

20. Load beam aperture 50 and flexure aperture 60 have Flexure aperture 60 preferably has a greater diameter than 

traditionally been of equal diameter, and can be used during 45 load beam aperture 50 (the reasons for which are described 

the mounting of flexure 30 to align flexure 30 to load beam* in greater detail below), and the openings of the alignment 

20. An alignment pin (not shown) is inserted through the measurement pattern 48 are sized and positioned to expose 

apertures to concentrically align the apertures, and thus the portions of the perimeter edge of flexure aperture 60. In this 

components, during the mounting of flexure 30 on load manner, an indication is provided as to the alignment of 

beam 20. These aligned apertures can also be used later in 50 flexure aperture 60, and thus flexure 30, with respect to load 

the assembly process to facilitate the mounting of head beam aperture 50 and load beam 20. The plurality of 

slider 14 to slider mounting surface 35 of flexure 30. openings can be spaced about the load beam aperture 50 in 

In recent years, carrier strip assemblies have been devel- a known relationship to the longitudinal axis x and trans- 
oped to increase the efficiency of manufacturing head verse axis y of head suspension 10 to facilitate the efficient 
suspensions, and they are often used in the mounting a series 55 calculation of the offset between the centers of the load beam 
of head suspension flexures to a like series of head suspen- aperture 50 and flexure aperture 60 (which, as described 
sion load beams. FIG. 4 shows a flexure carrier strip above, are ideally concentrically aligned), 
assembly 40 and a load beam carrier strip assembly 42. In the embodiment shown in FIGS. 1-5, the openings of 
Flexure carrier strip assembly 40 includes a plurality of alignment measurement pattern 48 comprise three notches 
flexures 30 formed attached to flexure carrier strip assembly 60 51a, 51b, and 51c that extend radially from the perimeter of 
40 at the cross piece 37 of each flexure 30, and further load beam aperture 50. Notches 51a, Sib, and 51c are 
includes reference holes 41. Similarly, a plurality of load spaced apart an equal amount from each other about the 
beams 20 are formed and attached to load beam carrier strip perimeter edge of load beam aperture 50 (i.e. 120°). Notch 
assembly 42 at the mounting region 22 of each load beam 51a is aligned along the negative of the longitudinal axis x 
20, and load beam carrier strip assembly 42 also includes 65 of head suspension 10, notch 516 is aligned 30° from the 
reference holes 43. Reference holes 41 in the flexure carrier transverse axis y of head suspension 10, and notch 51c is 
strip assembly 40 and reference holes 43 in the load beam aligned 30° from the negative of the transverse axis. Notches 
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51a, 516, and 51c expose arc lengths of the perimeter edge where, consistent with traditional trigonometric 

of the flexure aperture 60, and the position of these arc nomenclature, I is the unit vector along the longitudinal axis 

lengths can be measured to provide an indication of the x, and j is the unit vector along the transverse axis y of head 

position of flexure aperture 60. While a number of known suspension 10. As described above, notch 51a is positioned 

measurement processes are contemplated for measuring the 5 along the negative x axis (i.e. a is 180°), notch 516 is 

position of flexure aperture 60, a preferred method is the use positioned 30° from the y axis (i.e. p is 60°), and notch 51c 

of an optical comparator, such as are commercially available is positioned 30° from the negative y axis (i.e. y is 300°). As 

from Nikon Incorporated. In such a measuring process, the „, . , t ~? , j 

. • j lL f m n j sucn > ™ alignment vectors A,, A~, and A- reduce to: 

optical comparator is positioned over the center 52 of load & u 3 

beam aperture 50, and head suspension 10 is preferably 10 - , 

illuminated from beneath (Le., the side of load beam 20 to A i—M 

which flexure 30 is mounted). Such "back lighting" of head 

suspension 10 clearly defines the arc lengths of flexure Af*L 2 (Q.$oo)i + L 2 (OM6jj 

aperture 60 visible through notches 51a, 516, and 51c, and _ _ ■ x 

longitudinal and transverse components of individual points 15 a,=x, 3 (0.500) i -z, 3 (o.86<5)/ 

along these arc lengths relative to the center 52 of load beam r™ . . , . t , . , - . , 

en * u j 4 « , The total misalignment between the center 52 of load 

aperture 50 can then be measured using the optical com- . - A 6 , . f a . 

, rpr . f , . f i * fL **- beam aperture 50 and center 62 of flexure aperture 60 is 

parator. These points are then used to calculate the position r _^ v 

of flexure aperture 60 relative to load beam aperture 50, such represented by vector A. Because notches 51a, 516, and 51c 

as by using known and commercially available computer 20 of alignment measurement pattern 48 are equally spaced 

programs. One such commercially available computer pro- about the perimeter edge of load beam aperture, total mis- 

gram is the Quindos program, such as is available from V6ct0r % can 5e calculated „ the vector sum of 

Brown & Sharpe Manufacturing Corporation of Kingstown, — 

R.I., which uses a maximum inscribed circle algorithm to individual alignment vectors A 1} A^, and A 3 . FIG. 6 illiis- 

calculate the position of flexure aperture 60, including its 25 totes the summation of the individual alignment vectors 

center 62, based on the measured points along the arc J ^ m6 X 3 of FIG. 5 to calculate misalignment vector 
lengths visible through notches 51a, 516, and 51c. The 

calculated center of the flexure aperture 60 can then be A. In other woro^ me longiradinal and transverse misalign- 

compared to the center of the load beam aperture 50 to ments between foe flexure 30 and load beam 20 can be 

determine the offset between the apertures. 30 calculated from the scalar alignment values Lj, l^, and L3 

Alternatively, the misalignment between the flexure 30 ^ Ure * at m * °P eDm f ° f c measurement pattern 

and load beam 20 can be calculated using known trigono- 48 ' For e * bodment *own in FIGS. 1-5, total misalign- 

metric equations. As illustrated in FIG. 5, scalar alignment ment vector A is calculated as: 
values L a , Lj, and L, represent the displacement between 

the perimeter edge of the load beam aperture 50 and the 35 a-Aj+a^X,-* 
perimeter edge of flexure aperture 60 as measured at the 

leading edge of each notch (the leading edge being defined A=fL t cos a+L 2 cos p+i 3 cos sin a+L 2 sin 

by traversing the load beam aperture 50 in a clockwise ^ sin 

direction). The scalar alignment values Lj , L^, and L3 can be ^ 

measured, for example, using an optical comparator as 40 A-(-L 1 +0.5Z f2 +05I 3 )/+0.866(£, 2 -t3}/ 

described above. These scalar alignment values L., L,, and ^ , , 

L3 can be used to determine the misalignment between the For ** C Jf where load . 5 ° » nd . flexure 
flexure 30 and load beam 20 as described below. a Pf ^ 60 T are concentncally aligned, scalar alignment 
c. , v .,tt JT * e values L a , L^, and L3 should be equal, and the total mis- 
Scalar alignment values L^, L^, and Lg are composed of 
longitudinal and transverse components, and individual 45 alignment vector A reduces to zero as expected. 
v 4 A -+ -+ . , l1iJt , Whether calculated using a commercially available soft- 
alignment vectors A,, A* and A, can be calculated based ware ^ or ^ h ^ usc of trigonomctric equations, 
on these scalar values and the position of notches 51a, 516, _> 

and 51c relative to longitudinal axis x and transverse axis y. tne misalignment vector A between load beam aperture 50 

As illustrated in FIG. 5, notches 51a, 516, and 51c, and thus 50 311(1 flexure aperture 60 can be used to determine whether the 

v - j , alignment of the flexure 30 and load beam 20 of head 

alignment vectors A A* and A3 are positioned at aknown suspension 10 & within prescribed tolerances. Specifically, 

location about load beam aperture 50 relative to the longi- me longitudinal md 

transverse components of the misalien- 

tudinal and transverse axes of head suspension 10. 

. c „ „ , -* ment vector A can be compared against predetermined 

Specifically, a represents the angle between vector A, and 5S uphold values. In this manner, a quality control process, 

the x axis, p represents the angle between vector A 2 and the such as a "p ass/fail'* determination as to the alignment of 

x axis, and 7 represents the angle between vector A- and the suspension 10, can be performed. 

' r & As noted above, load beam aperture 50 and flexure 

x axis. Individual alignment vectors A lf A^, and A 3 can aperture 60 have traditionally been formed to have an equal, 

thus be reduced into their longitudinal and transverse com- 60 pre-determined diameter that corresponds to the diameter of 

ponents as follows: the tooling pin used to facilitate the alignment of the parts 

and the attachment of head slider 14 to head suspension 10. 

Aj-Lj cos (ajj+ii sin (a> 1 The alignment measurement pattern 48 described above 

works equally well with apertures that are equally sized to 

A 2 -L2 cos (P)i+I 2 si* (M? 6S accommodate such a tooling pin. In the embodiment shown 

_ in FIGS. 1-5, however, load beam aperture 50 has a diam- 

AjW-j cos (y)i+L 3 sin {<$ eter d a that substantially corresponds to the diameter of the 
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tooling pin, while flexure aperture 60 has a diameter that 
is greater than d r Load beam aperture 50 can alternatively 
have a diameter that is larger than flexure aperture 60, such 
as when alignment measurement pattern 48 is on flexure 30 
instead of Load beam 20. As described in the Background 
section, conventional load beam and flexure apertures hav- 
ing the same diameter will overlap each other when the 
flexure and load beam are assembled using a carrier strip 
process if the slightest misalignment between the flexure and 
the load beam is present. This in turn can prevent an 
alignment tool from being inserted through the apertures 
during the mounting of the head slider to the head suspen- 
sion. Flexure aperture 60 having a diameter d^ that is greater 
than diameter d a of load beam flexure 50 overcomes this 
shortcoming of prior art head suspensions. Specifically, 
because diameter d 2 is greater than diameter d ly the perim- 
eter edge of flexure aperture 60 does not overlap and 
encroach upon the perimeter edge of load beam aperture 50 
when the flexure 30 and load beam 20 are slightly mis- 
aligned. As such, the tooling pin can be inserted through the 
apertures during the mounting of the head slider 14 to head 20 
suspension 10 even in the presence of slight misalignments. 
Moreover, as demonstrated by the equations set forth above, 
so long as the openings of alignment measurement pattern 
48 are equally spaced about the perimeter edge of the load 

beam aperture 50, the total misalignment vector A between 
the flexure 30 and load beam 20 can be calculated indepen- 
dent of the diameters dj and d 2 of load beam aperture 50 and 
flexure aperture 60, respectively. 

Another embodiment of the present invention is shown in 
FIGS. 7 and 8. Features of the head suspension 110 and 
alignment measurement pattern 148 shown in FIGS. 7 and 
8 that are similar to those shown in FIGS. 1-5 are designated 
using the same reference numeral preceded by a "1". Load 
beam aperture 150 in load beam 120 and flexure aperture 
160 in flexure 130 are positioned to be concentric with each 
other when flexure 130 is mounted to load beam 120, and 
alignment measurement pattern 148 having a plurality of 
openings is formed in load beam 120. Flexure aperture 160 
is again sized to have a diameter that is greater than the 
diameter of load beam aperture 150. In this embodiment, the 
openings of alignment measurement pattern 148 comprise 
four curved windows 152a, 152ft, 152c, and 152o\ As above, 
alignment measurement pattern 148 can be on flexure 130 
instead, and load beam aperture 150 can be the larger of the 
two apertures. 

Windows 152a, 152ft, 152c, and 152d are sized and 
shaped to expose a perimeter edge of the oversized flexure 
aperture 160 to provide an indication of the alignment of 
flexure 130 relative to load beam 120. Toward this end, 
windows 152a, 152ft, 152c, and 152d of alignment mea- 
surement pattern 148 are spaced apart from the perimeter 
edge of load beam aperture 150, and are positioned along a 
circular path that surrounds and is concentric with load beam 
aperture 150. Similar to the notches of the first embodiment 
shown in FIGS. 1-5, windows 152a, 152ft, 152c, and 152a* 
are spaced an equal distance from each other (i.e. 90°) and 
are aligned relative to the longitudinal axis x and transverse 
axis y of head suspension 110 in a known, predetermined 
manner. The arc lengths of flexure aperture 160 visible 
through windows 152a, 152ft, 152c, and 152a* can be mea- 
sured using an optical comparator as described above, and 
the offset between flexure aperture 160 and load beam 
aperture 150 can be calculated using commercially available 
software programs. Alternatively, scalar alignment values 
Lj, Lj, Lj, and L 4 can be measured at each window, and can 

be used to calculate individual alignment vectors A x , Aj, 
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A3, and A 4 using known trigonometric equations similar to 
those derived above. Because windows 152a-152d are 
equally spaced about load beam aperture 150, the vector sum 
of these vectors produces the total misalignment vector 
between the centers 152 and 162 of the load beam aperture 
150 and flexure aperture 160, respectively. 

While the first and second embodiments of the present 
invention described above and shown in FIGS. 1-8 include 
three and four alignment measurement pattern openings, 
respectively, that are spaced an equal distance from each 
other around the perimeter edge of the load beam aperture, 
any number of a plurality of openings (i.e. any number more 
than one) can be provided in any known configuration 
around the perimeter edge the aperture. Having equally 
spaced openings allows for an efficient measurement of the 
offset between the load beam aperture and flexure aperture 
using vector analysis of measured displacements between 
the apertures. However, the misalignment between the head 
suspension components can be quantified with an alignment 
measurement pattern having unequally spaced openings 
using commercially available software programs, such as 
the Quindos program described above, because the points 
along the arc lengths of the flexure aperture define and 
construct the position of the flexure aperture. In addition, 
other conventional mathematical algorithms can be used so 
long as the relationship between the size of the head sus- 
pension apertures is known and so long as the positions of 
the alignment measurement pattern openings relative to the 
longitudinal and transverse axes of the head suspension are 
known. One such method for calculating the offset is based 
upon the conventional algorithm known as the "least 
squares" or "averaged diameter circle in a hole" algorithm. 

A third embodiment of the present invention is shown in 
FIG. 9. Identical components to those shown in FIGS. 1-5 
are designated with similar reference numerals preceded by 
the prefix "2." Head suspension 210 includes an alignment 
measurement pattern 248 formed in load beam 220. The 
openings of alignment measurement pattern 248 comprise a 
pair of notches 253a and 253ft that extend from the perim- 
eter edge of load beam aperture 250 and that are sized and 
positioned to expose the outer perimeter of a flexure aperture 
260 formed in a load beam mounting region 236 of flexure 
230. Similar to the first two embodiments described above, 
flexure aperture 260 is formed having a diameter that is 
greater than the diameter d a of the load beam aperture 250 
to allow the later insertion of an alignment pin for mounting 
a head slider to head suspension 210 regardless of small 
misalignments in head suspension 210. As above, alignment 
measurement pattern 248 can be on flexure 230 instead, and 
load beam aperture 250 can be the larger of the two 
apertures. 

Notches 253a and 253ft are aligned along a common axis 
(i.e. they are spaced 180° apart), and scalar alignment values 
L 1 and can be measured at notches 253a and 253ft in the 
manner described above. In the embodiment shown in FIG. 
9, notch 253a is aligned substantially along the longitudinal 
axis x of head suspension 210, and notch 253ft is aligned 
substantially along the negative longitudinal axis x of the 
head suspension 210. As such, scalar alignment values L a 
and Lz can be used to calculate the magnitude of the 
longitudinal misalignment between flexure aperture 260 and 
load beam aperture 250. Notches 253a and 253ft can also be 
aligned at other orientations around load beam aperture 250 
along a common axis, such as along the positive and 
negative transverse axis y, to provide an indication of the 
misalignment in the direction of the axis of the notches. 
Such an alignment measurement pattern 248 is thus particu- 
larly useful when the misalignment. 
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Although the present invention has been described with 
reference to preferred embodiments, those skilled in the art 
will recognize that changes may be made in form and detail 
without departing from the spirit and scope of the invention. 
For example, the alignment measurement pattern openings 5 
can be any shape that provides an indication as to the 
perimeter edge of the aperture beneath the opening. 

What is claimed is: 

1. A head suspension for use in a rigid disk drive and for 
supporting a head slider over a disk surface, comprising: 

a load beam having an actuator mounting region, a load 
region at a distal end of the load beam, a spring region 
positioned distally from the actuator mounting region, 
and a rigid region between the spring region and the 
loading region; 

a flexure mounted at the distal end of the load beam, the 15 
flexure comprising a gimbal region having a slider 
mounting surface, and a load beam mounting region 
that overlaps a portion of the rigid region of the load 
beam, wherein the load region of the load beam con- 
tacts the gimbal region of the flexure; 20 

a load beam aperture extending between a first and a 
second surface of the load beam; 

a flexure aperture extending between a first and a second 
surface of the flexure; and 

an alignment measurement pattern comprising a plurality 25 
of openings adjacent one of the load beam aperture and 
the flexure aperture, the plurality of openings being 
sized and positioned to expose portions of a perimeter 
edge of the other one of the load beam aperture and the 
flexure aperture than the one with the plurality of 30 
openings. 

2. The head suspension of claim 1 wherein the contact 
between the load region and the gimbal region is by way of 
a load point dimple that extends between the load region and 
the gimbal region from a surface of one of the load region 35 
and the gimbal region. 

3. The head suspension of claim 1, wherein: 

the load beam aperture is a substantially circular hole; 
the flexure aperture is a substantially circular hole; and 
the other of the load beam aperture and the flexure 
aperture without the alignment measurement pattern 
has a diameter that is greater than the diameter of the 
one of the load beam aperture and the flexure aperture 
with the alignment measurement pattern. 45 

4. The head suspension of claim 1 wherein the plurality of 
alignment measurement pattern openings are adjacent the 
load beam aperture in a known relationship to a longitudinal 
axis and a transverse axis of the head suspension. 

5. The head suspension of claim 4 wherein the plurality of 5Q 
alignment measurement pattern openings are spaced apart 
from each other by an equal distance about the perimeter 
edge of the load beam aperture. 

6. The head suspension of claim 5 wherein each of the 
plurality of alignment measurement pattern openings com- 55 
prises a notch that radially extends from a perimeter edge of 
the load beam aperture. 

7. The head suspension of claim 6 wherein the plurality of 
alignment measurement pattern openings includes three 
notches, each notch being spaced 120° apart from the other 
two notches. 
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8. The head suspension of claim 4 wherein the plurality of 
alignment measurement pattern openings includes first and 
second notches, each notch extending radially from a perim- 
eter edge of the load beam aperture. 

9. The head suspension of claim 8 wherein the first notch 
is aligned substantially along the longitudinal axis of the 
head suspension and the second notch is aligned substan- 
tially along the transverse axis of the head suspension. 

10. The head suspension of claim 4 wherein each of the 
plurality of openings comprises an arcuate window spaced 
apart from the perimeter edge of the load beam aperture, the 
plurality of windows positioned along a substantially circu- 
lar path that is concentric with the load beam aperture. 

11. The head suspension of claim 10 wherein the plurality 
of windows includes four windows, the windows being 
spaced 90° apart from each other along the substantially 
circular path. 

12. A method of manufacturing a head suspension for use 
in a rigid disk drive and for supporting a head slider over a 
disk surface, comprising the steps of: 

providing a flexure having a gimbal region and a load 

beam mounting region; 
providing a load beam having an actuator mounting 

region, a loading region at a distal end of the load beam, 

a spring region positioned distally from the actuator 

mounting region, and a rigid region between the spring 

region and the loading region; 
providing a first aperture extending between a first and a 

second surface of one of the load beam and the flexure; 
providing a second aperture extending between a first and 

a second surface of the other one of the load beam and 

the flexure; 

providing a plurality of openings adjacent the first 
aperture, the openings sized and positioned to expose 
portions of a perimeter edge of the second aperture; 

mounting the load beam mounting region of the flexure to 
a portion of the rigid region load beam region so that 
the first aperture is adjacent the second aperture; and 

measuring the position of the flexure relative to the load 
beam by measuring the displacement of the first and 
second apertures relative to one another at the plurality 
of openings. 

13. The method of manufacturing a head suspension of 
claim 12, wherein the step of providing a second aperture 
includes providing a second aperture that has a diameter that 
is greater than the first aperture. 

14. The method of manufacturing a head suspension of 
claim 12, further including the step of calculating an align- 
ment vector between the first and second apertures based 
upon the measurements made at the plurality of openings. 

15. The method of manufacturing a head suspension of 
claim 12, further including the step of comparing the mea- 
surements made at the openings to pre-deter mined threshold 
values to determine if the head suspension is within manu- 
facturing tolerances. 



09/24/2003, EAST Version: 1.04.0000 



